The Gyrotonic expansion system comprises three-dimensional (3D) spinal motion that not only improves functional spinal motion but also increases muscular strength and flexibility around the spine. This study aimed to demonstrate the clinical effect of Gyrotonic exercise on patients with chronic low back pain by comparing between Gyrotonic and trunk stability exercises. This study included 26 subjects with chronic low back pain patients and who were randomly assigned to the Gyrotonic exercise group or trunk stability exercise group. Each group performed their exercises 3 times a week for 4 weeks. All subjects were measured before and after the exercise for muscles activity of the erector spinae (ES), rectus abdominis (RA), external oblique (EO), and internal oblique (IO) using surface electromyography. Lumbar stability was measured using a 3D spine tester, and functional disability was measured using the Korean Oswestry disability index. In the Gyrotonic exercise group, ES and EO muscle activity significantly increased (P< 0.05). In the trunk stability exercise group, ES, EO, and RA muscle activity significantly increased (P< 0.05). No differences in muscle activity were found between the groups. Both groups showed significant improvements in lumbar stability and functional disability but no significant differences were noted between the groups. Gyrotonic exercise and trunk stability exercise are encouraged owing to their positive effects on muscle activity, lumbar stability, and functional ability in patients with chronic low back pain. We suggest that Gyrotonic exercise is one of the effective exercise for mitigating chronic low back pain caused by spinal instability.
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INTRODUCTION
Back pain refers to pain around the lumbar vertebrae in human body. O'sullivan et al. (2003) reported that as opposed to normal individuals, patients with chronic low back pain were more likely to experience instability of the spine owing to imbalanced and weak muscles around the vertebrae. Panjabi (2003) found that muscles around the vertebrae were needed to help maintain the correct alignment of the lumbar spine and pelvis to prevent and reduce low back pain, and Richardson and Jull (1995) suggested that trunk stability was established as a result of improvements in muscle functions around the vertebrae.
Trunk stability exercise is one of the most effective exercise types that has been used not only for patients with low back pain but also in various fields as an intervention to improve posture balance and muscle strength around the vertebrae (Barr et al., 2005) . The purpose of trunk stability exercise is to directly provide stability to the lumbar vertebrae when muscles of the external oblique (EO), internal oblique (IO), transverse abdominis, and lumbar multifidus are used to stand straight (Barker et al., 2004; Bergmark, 1989; Moseley et al., 2002; Panjabi, 2003) . The exercise performed using Gyrotonic expansion system is one of the intervention methods for the spine. It uses three-dimensional (3D) movements and a special equipment to not only strengthen the spine but also develop the spine evenly. The name is derived from the combination of "Gyro" (a circle) and "tonic" (to https://doi.org/10.12965/jer.1836512.256 strengthen). The core principle underlying Gyrotonic exercise is a movement that creates circles, spirals, and undulation curves, these natural movements improve muscle strength and flexibility along with breathing and collaborative muscle contraction that help stretch each area of the body (Campbell and Miles, 2006) . One study has found proof of the effects of step length, stride length, step sidth, and stride speed in the gait pattern in patients with chronic low back pain (Seo and Park, 2016) . Although a number of studies have been conducted on patients with chronic low back pain, studies on the specific effects of Gyrotonic exercise on muscle activities and lumbar stability of these patients are still relatively insufficient.
Therefore, the purpose of this study is to demonstrate the clinical effect of Gyrotonic exercise on chronic low back pain patients by comparing Gyrotonic exercise and trunk stability exercise. We suggest that Gyrotonic exercise is an effective exercise of chronic low back pain.
MATERIALS AND METHODS

Subjects
The subjects in this study were 26 patients (mean age, 22.62± 1.58 years; mean height, 166.62±8.24 cm; mean weight, 57.15± 9.25 kg) ( Table 1 ). The detailed selection criteria were as follows: (a) patients who had been experiencing low back pain for 3 months or longer and were not under treatment for low back pain; (b) patients able to perform exercises despite having low back pain; (c) patients free of previous orthopedic or neurosurgical surgeries around the lumbar; (d) patients free of sensory abnormalities or muscle paralysis caused by neurological disorders; (e) patients not suffering from low back pain caused by systemic diseases such as cancer or pregnancy; and (f) patients free of difficulties in motor performance or mental disorders. In this study, subjects were randomly divided into Gyrotonic and trunk stability exercise groups. All subjects were fully informed about the purpose of study and methods used in this study, and they voluntarily signed the study consent form. This study was approved by the Institutional Review Board of Daegu University (No: 1040621-201711-HR-030-002).
Exercise program using Gyrotonic expansion system
Gyrotonic exercise used the Pulley Tower Combination Unit ULTIMA (Gyrotonic Inc., New York, NY, USA). The Gyrotonic exercise program consisted of a warm-up session, main exercise, and a cool-down session. According to the rating of perceived exertion (PRE), warm-up exercise strength was set from PRE 9 (very light feeling) to 11 (slightly light feeling), the main exercise strength was set from PRE 13 (somewhat hard feeling) to 15 (hard feeling), and the cool-down exercise was set at PRE 9. Five movements of the lumbar spine were used during the warm-up session. Main exercise motions included four movements in the arch and curl series, eight in the hamstring series, one in the upper body series, and two in the abdominal series (for a total of 20 motions). Two movements were used during the cool-down session.
Trunk stability exercise program
Trunk stability exercise used mats and Swiss balls. The sizes and amount of air in the Swiss balls were adjusted according to the subject preference. According to the RPE criteria, the strength of the trunk stability exercises was set at RPE 9-11 for the warmup session; RPE 13-15, main exercise; and RPE 9, cool-down session. Simple stretching and deep breathing motions were used for the warm-up exercise. Main exercise motions included nine movements of mat-based trunk stability exercises and seven movements of Swiss ball trunk stability exercises (for a total of 16 different motions of ten repetitions each). Simple stretching and deep breathing were conducted for the cool-down exercise (Koumantakis et al., 2005; Marshall and Murphy, 2005) 
Muscle activities
Surface electromyography (sEMG) 8-channel TeleMyo DTS (Noraxon Inc., Scottsdale, AZ, USA) was used to measure trunk muscle activity. We measured the activity of the erector spinae (ES), rectus abdominis (RA), EO, and IO, which stabilize the trunk. Electrodes were attached to each of the muscles after marking their places with a pen in accordance with previous studies (Cram, 2003; Imai et al., 2010) . The EMG signal was processed for filtering and other signals by a personal computer, and the sampling rate of the EMG signal was set to 1,000 Hz. The amplified waveform was composed of a 40-400 Hz bandpass filter, and a 60 Hz noise root mean square (RMS) was used to quantify the collected EMG signals (Ritvanen et al., 2007) . This study nor- malized the effective mean values using the reference voluntary contraction (RVC) value. The reference posture of the RVC was a prone bridge using a ball. Each subject maintained this position for 5 sec and then repeated the movement 3 times. For each subject, we used the mean values of the middle 3 sec. For muscle activity measurement, each subject sat on the ball and bent one leg up to the chest. Each subject maintained this position for 5 sec and then repeated the movement 3 times. For each subject, we used the mean values of the middle 3 sec. The muscle activities were normalized to %RVC as a percentage of the RMS of the measured posture relative to the RMS of the reference posture.
Lumbar stability 3D spine tester (3D Newton, Hanmed, Gimhae, Korea) was used to compare lumbar stability. The 3D Newton is a piece of equipment used for measuring the stability of the spine in 3D. We took measurements in the correct standing posture, with patients tilted at 30° in eight directions (front, back, right, left, between front and right, between front and left, between back and right, between back and left). In the 30° tilt position, we measured the maximum endurance time (in sec) of each subjects. If the subjects felt fatigued or experienced pain or if they wanted to stop undergoing the assessment, the measurement was halted immediately. The assessment was repeated 3 times and each patient took sufficient rest between the assessments. We used the mean value of the measured time in the study.
Functional disability index
The Korean Oswestry disability index (KODI) was used to compare the functional disability caused by chronic low back pain between the subject groups. The nine sections of KODI consist of questions regarding pain, personal care, lifting, walking, sitting, sleeping, social life, and travel (we excluded sex life because it participants generally tend to avoid answering related questions). Each item or section had a maximum score of 5 points beginning with 0 points (on a 6-point scale), and the total score is 45 points. Scores for each of the 9 items were divided by the total score and converted into a percentage (measurement score/overall score ×100). Low scores indicate low quality of life associated with back pain (Kim et al., 2005) .
Statistical analyses
The statistical processing and analysis used IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA). Means and standard de 
RESULTS
The Gyrotonic exercise group showed significantly increased activity of ES and EO muscles before and after the exercise (P< 0.05) ( Table 2 ). The trunk stability exercise group demonstrated a significant increase in activity of ES, RA, and EO muscles before and after the exercise (P<0.05) ( Table 2 ). Both groups showed significant improvements in lumbar stability (Table 3) and KODI (P<0.05) ( Table 4) . No significant differences with regard to muscle activity, lumbar stability, or KODI were noted between the 2 groups (P<0.05).
DISCUSSION
The ES, RA, and EO, which are superficial lumbar muscles that play a role in supporting and stabilizing the lumbar vertebrae, are involved in spinal stability through concentric contraction during rapid movements or application of loads to the spine (McGill et al., 2003) . The EO also helps to maintain the normal vertebral alignment by preventing rotation of the lumbar (Souza et al., 2001) . Gyrotonic exercises are based on the movement of the front, back, side, spiral, and circular movements of the spine. Among these movements, the arch and curl motion, in which the subject draws a big circle using the spine, has been considered to create a connection between the ES and EO muscles. The arch and curl motion is used in all units that employ a handle and pulley, an upper body series, and an abdominal series. Trunk stability exercises also help to maintain a neutral posture of the spine. Thus, both Gyrotonic and trunk stability exercises are thought to increase activity in muscles that play a role in supporting and stabilizing the lumbar vertebrae.
Both the Gyrotonic exercise and trunk stability exercise groups showed significant improvement with regard to functional disability before and after the exercises, and no significant difference were revealed between them. Hides et al. (2001) and Stuge et al. (2004) reported that muscle imbalance, which was the cause of back pain, improved with exercise and that muscles acted like corsets to reduce back pain and improve functionality. Therefore, Gyrotonic exercise and trunk stability exercise have significant effects on functional ability.
Stability means the maintenance of a certain state even in the presence of external stimulus. Increased changes in lumbar stability indicate that the spine can maintain a neutral posture despite stimulation around the lumbar (Granata et al., 2005) . In this study, the results revealed an increased lumbar muscle activity and an increased maintenance time of passive tilt to maintain lumbar stability. This suggests that both Gyrotonic exercise and trunk stability exercise are effective in improving lumbar stability.
The motions in Gyrotonic exercise are based on movements in the front, back, right, and left directions as well as in the form of spiral (basic movements of the spine). These are similar to functional motions in daily living. Trunk stability exercise involves mobilizing stabilization muscles involuntarily, which are otherwise mobilized late during functional motions. Thus, it is an effective exercise for improving functional motions. Rasmussen- Barr et al. (2003) reported that the intensity of low back pain in patients who performed a stabilization exercise was lesser than that in patients who only performed spinal manipulation. Similarly, this study found that both of Gyrotonic exercise and trunk stability exercise improved spinal stability, muscle activity, lum- viations of the general characteristics and variables of the subjects were calculated and the Shapiro-Wilks test for normality was conducted. The difference in functional disability before and after each group exercise was Mann-Whitney U-test. The difference between the exercise groups was Wilcoxon test. The difference in muscle activity and lumbar stability before and after each group exercise was paired t-test. The difference between the exercise groups was independent t-test. The statistical significance level was set at a P-value of 0.05.
bar stability, and functional ability, and no significant differences were found between the two exercise groups. The present study had several limitations. It is difficult to generalize its results due to the small number of subjects. In addition, this study had a relatively short period of intervention of 4 weeks. Although the 4-week period was set up based on a previous study that achieved a significant reduction in low back pain, most related studies applied 6-12 weeks to verify the change. Thus, a 4-week study period may not be sufficient to expect a permanent change. For future studies, more subjects and longer experiment periods will be applied to determine the effects of the exercises. This study suggests that Gyrotonic exercise, as one of the many spinal stability exercises, can also be useful for improving spinal stability in patients with chronic low back pain.
